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The last century has seen marked increases in global temperature

Observed globally averaged combined land and ocean (b) Observed change in surface temperature 1901-2012
surface temperature anomaly 1850-2012
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Earth System Modeling:
a way to understand and “predict” climate impacts
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Earth System Modelmg
DOE’s science focus areas

T A ' = v
Water Cycle Biogeochemistry Cryosphere Systems
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and the physical environment biogeochemistry changes on climate changes and contribute to sea
determine water availability and energy-sector decisions? level rise and increased coastal
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How much sea level rise can we expect?

observed | modeled
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Both Greenland and Antarctica are losing ice
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lce sheets 101

Snowfall Ice flow into the ocean
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lce sheets 101

Ice flow into the ocean
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lce sheets 101

Snowfall Ice flow into the ocean  Loss of glacial ice, Sea level rise
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When enough icebergs calve, the ice sheet flows faster

Jelbaert and Fimbul  Astrid and Ragnhild

Ekstcr)t:r%z”;.‘ @ @ e The New York Times
e '}‘ @ Iceberg Splits From Antarctica, Becoming World’s Largest
r S%/Z\?nlet j s 'E‘:’*\ T Majorca (3640 km?)
/. .106 : *&j

Wordie

12.4 . ‘
Wilkins ./gy

Bach . /
George \ . /

Stange 8.8 ‘ o AT 1 R
/ ¥ 134 "~ Shackleton

5 il ;
/ West e i s 6-icetierg (4320 km?)

Venable

S 197 28.8
0 o
[ =) Abbot
3 52 \
S m
© = Cosgrove
Z 4 —
£ *  Vanderford
-— » anaerror
= @2
o0
. L 8 ~ g Totten
Tk . e 42
T ] — @) Moscow University
H L4
Amundsen Sea Ni kHS.S 889 14,6‘ Diyeals ~ o
7.9 ickerson Sulzberger } g \ Mg Porpoise
y 18.3
..‘\
o Adéli
O W Adele
0.0 0.2 04 06 038 10 . / Aetcves " | K
Buttressing ‘ .52.5 East Indian
Mertz 25.2



When ice shelves thin, the ice sheet flows faster

Thinning mostly happens by melting from below
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The WISSARD project: drill below Ross Ice Shelf




Hot water drilling
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Ocean observations
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My latest work: modeling interactions between ice sheets and the Earth system

« E3SM recently added the capability of simulating ocean circulation in
ice-shelf cavities and computing ice-shelf melt rates’
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